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1.

Introduction
Besides the widely accepted connotation of primary and secondary sources
of scientific information it is postulated that a tertiary source may be
identified. These three categories are related to the pursuit of
fundamental research at the frontier of knowiedge, the assimilation of the
established discoveries into the traditional body of scientific literature
and archiving for posterity.
It is not possible completely to separate these categories nor to identify
distinct media responsible for the corresponding information transfer and
storage. However, we can identify a hierarchy of media and each element
within the hierarchy can be defined. In Oxford, printed materials are
categorized thus: books, periodical parts, pamphlets (bound), sheets and
photographic material. All of these elements have provided media for
scientific communication, but there are others of importance, viz:
ei) private communication in manuscript form, (i i) other 'unpublished'
material, e.g. preprints and conference abstracts, (iii) unwritten
communications of which the most important are private conversation,
unpublished conferences and colloquia and (iv) electronic databanks and
machine-readable files.
The university library system represents a substantial academic investment
yet it contributes very little to the support of the primary category of
communication. In Oxford, (as elsewhere) science departmental libraries
assist in the distribution and collection of ephemera but this is not an
exclusive activity.
The 'electronic journai', whose inception was heralded as marking the
eventual replacement for the printed scientific joumal extant since 1665,
has not so far found many supporters; but experiments continue. Computer~
based information networks are now evolving commercially as weIl as
privately and libraries are participating in this latest method for
communicating information. This paper considers what effect such
developments may have on the future role of university libraries.

2.

Research Libraries in Universities
The Radcliffe Science Library is the centre of a network of fifty libraries
serving the needs of scientists in the University of Oxford. The
composition and characteristics of this group of libraries were described
at the 8th IATUL Conference at Enschede in 1979 1 . It was explained there
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that the system supported the teaching of more than 5,000 undergraduate
and graduate students of natural science, mathematics, medicine and
technology. However, the main purpose of the majority of these libraries
in Oxford is to support the research activities of 1,300 academic and
post-doctoral research staff based in the departments. All of these
libraries are frequently called 'research' libraries, a description
first applied in North America in 1889 2. The extent to which this
description is valid is one of the issues raised by this discussion.
For a library to contribute significantly to research it must
participate in the communication of information relating to that research.
The first and most obvious method of participation is through the
provision of the core (or primary) literature of which the scientific
journal is the major constituent. However, the research scientist would
be very unwise to rely on this as a first source of information on
contemporary developments in his field in view of the long time period
between submission of a manuscript and its publication. Average values
for this time period for a random selection of journals are presented
in Table 1. It will be noted that average delays range from 3 to 18
months. The publication of letters which was accelerated when the
speciali st 'Letters' journals were introduced in 1958 has contributed to
speedier communication but it has not enabled a satisfactorily short
period to be achieved between submission and publication.
It is concluded that the publication of results in a hard-copy primary
journal is not generally chosen as the means for the first communication
of important new scientific results to other workers in the same or
closely related fields. Having participated in fundamental research in
nuclear physics and experimenta1 high energy physics, the author knows
this to be true from his own experience. Information from discussions
with scientists working in other fundamental fields of research, e.g.
biochemistry, solid state physics, quantum chemistry and molecular
biology, to me~tion a few disciplines only, lends support to this thesis.
3.

Primary publications
The discussion leads naturally to two important questions,

v~z:

(1)

What is the function of a primary scientific journal?

and

(2)

What are the preferred methods for the rapid communication of
research results?

since the purchase and display of primary scientific journals is such a
prominent activity in scientific research libraries, their significance
is clearly of major relevance to our theme. This has been studied by
a number of scientists and others 3 including Meadows in 'Communication in
Science'4. The core journals clearly provide the major authoritative
source for established scientific discoveries. As such they are
important to the author and the student. To the former they provide
the basis for his scientific reputation which is determined by the
re gard held by his peers for his published work. The original papers ~n
these journals provide the main source of references which will be
cited by (a) others in reporting related work as weil as (b) by writers
of review articles in the secondary literature and (c) textbook authors.
Their use in (b) and (c) shows the relevance of these periodical papers
to the student. In some rapidly developing fields, e.g. biochemistry
and genetic engineering, the original paper constitutes an important
source of information for the student since textbooks in such fields
are out of date virtually as soon as they are published. These scientific
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TABLE 1.

Average time deláybetwéeristibmissión arid publicatión in a
raridom selection of journals of science and technology in 1980.

Journal

t-'

~

w

Country of Origin

Time delay
Range (months)
Average (months)

International Journalof Electronics

UK

2 to 4

3.0

Colloid and Polymer Science

FDR

2 to4

3.3

Physics Letters

Netherlands

2 to 11

4.1

Physical Review Letters

USA

2 to 1J

4.3

Nature - London

UK

2 to 7

4.4

Cancer Treatment Reports

USA

2 to 9

5.5

Organic Mass Spectrometry

UK

4 to 9

5.8

Journal de Chimie Physique et de Physico
Chirnie Biologique

France

4 to 20

7.7

Journalof Pediatric Surgery

USA

Journalof the Geological Society of London

UK

5 to 14

8.3

Indian Journalof Pure and Applied Mathernatics

India

7 to 14

8.4

Solid State Electronics

UK

6 ta 16

11

Hydrometallurgy

Netherlands

8 ta 14

11

Tetrahedr9n

UK

9 ta 18

12

Journalof Applied Mechanics and Technical
Physics

USA

6 to 28

12.5

Flora - Jena

DDR

16 to 20

8

18

papers provide also the basis for the claim of an individual scientist
to an original contribution to knowiedge. However, many a scientist
has put pen to paper to record his discovery only to find that someone
else has just published the results of a similar piece of research.
4.

Preprints and Ephemera
Speed of publication of original results is of paramount importance and
the problem of delay has created the need in highly competitive fields
of research for other media for the primary announcement of results.
Weekly scientific magazines such as 'Nature' served this purpose for a
long while and the 'Letters' journals also contribute to a solution of
this problem; but these publications do not provide a completely
satisfactory system (as is shown in Table I). ·As a consequence we have
seen the evolution of the preprint which is printed (or duplicated from
typescript) by the author to distribute privately to his friends and
competitors in research laboratories and institutions where similar
work is in progress. Such publications are the major component of the
ephemera of the scientific community which includes also conference
abstracts and research reports. Some research libraries collect and
distribute these ephemera and in many of them this is a significant
activity. It greatly increases the amount of 'grey' literature in
circulation.

5.

Sources of Research Information
Learned scientific societies have several times sought the views of their
members 'on the means for the better dissemination of the results of
scientific research. As a result of these (and other) studies it has
been emphasized that the conventional scientific periodical is only one
of many media for scientific communication. An analysis published by
the American Ins ti tute of Physics in 1970 5 identified the major sources
of information"used by physicists and gave quantified estimates of
their relative importance (see Table 2).
TABLE 2.

Relative importance of different sources of information

Source of information

Relative importance

Archival literature
Personal contacts
Papers at meetings
Non-archival literature
Abstract journals
All other sources

1.0

0.8
0.6
0.6
0.4
0.1

The numerical data in Table 2 must be somewhat subjective but they
serve to show the importance of ephemera and non-archival publications.
Furthermore, when various methods of acquiring information were ranked
in order unpublished material obtained from col leagues as weIl as
private correspondence were considered to be as important as the use of
abstract journals to obtain references and more important than using
textbooks or subject bibliographies. Our experience in the Radcliffe
Science Library has shown that the conventional sources of information
available in libraries (i.e. archival literature) are used much more by
the medical and biological scientists than by the physical
scientists. A rank order for the importance of this archival literature
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among scientists using this Library is given in Table 3. The relative
ranking for physics and chemistry has been confirmed to be generally
true in North America. 5
These studies were completed before the electronic database became
widely available.
TABLE 3.

Importance of archival literature in the Radcliffe Science
Library to those seeking scientific information for research

Order of importance

Subject
Clinical Medicine
Biological Sciences
Engineering Sciences
Chemistry
Physics

1
2
3

4
5

6.

A Data-Communications Network
It was reported at Enschede in 1979 that there were plans for a hardwired communications network connecting the Oxford Science departments
to the central University Computing Service to be used for on-line
computing and information transfer. This has now been realized but the
information transfer is currently limited to messages and bulletins
relating to the computing service itself.
However, an extension to
other types of information is under active consideration and one of the
likely databases to be set up for on-line access is the uni on list of
science periodicals. Before extending the network to carry other
scientific information studies are being conducted to determine the
likely traffic and the cost-effectiveness of such a system (see §IO below).

7.

Electronic Databases
The use of electronic storage of information for selected scientific
data has been growing steadily over the past decade. However, the
extension of this method of storage has been slower than many futurists
predicted, particularly in Europe. The reason for the slow growth is
the high cost of establishing the database initially in machine-readable
form. Consequently, a viabIe system operating commercially without
hidden subsidy must have a high level of usage. The proportion of the
characters (or words) stored in the average library which is accessed
annually (say) is very low, probably weIl below 1%. Therefore, to make
an electronic storage and retrieval system cost-effective using
currently available methods for data input, either the database must be
highly selective or the charges for information retrieval must be set
very high.
Market forces have thus far restricted developments to those fields in
which there is a -high activity, e.g. contemporary commercial information,
ready reference data and important indexes. This restriction is likely
to last until the next genera ti on of cheap mass storage is available for
wide distribution. Provided the Western economy does not collapse, the
time for this is not far ahead. In the meantime, urgent consideration
needs to be given to faster and cheaper methods for generating machinereadable storage from existing records.
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8.

The Electronic Journal
Two recent examples serve to illustrate other present problems. The
first of these is shown by the electronic journal which has been
described in four different forms 6 viz: (i) an informal newsletter,
(ii) an unrefereed 'paper fair', (iii) a database journal subject to the
normal constraints on quality, and (iv) a highly-structured enquiryresponse system. Form (iv) is al ready widely available to the
scientific community and much used. lts supporters are very
enthusiastic. However, recent attempts to develop form (iii) have been
singularly unsuccessful and frustrating. 7 The reason for failure was
given as the inability of the devised electronic joumal system to
speed up the exchange of scientific information. However, proponents
of the electronic joumal maintain that the difficulties preventing a
faster distribution will be overcome and experi~ents continue. 8

9.

The Educational Resource Centre
The other example is of the educational resource centre which was set-up
at Clarkson College New York by Walter Grattidge in October 1980. 9 This
centre provides what is described in the brochure as 'technologically
assisted education functions'. Here, computer based teaching incorporates
in addition to hardware and software, 'courseware' which is the name given
to the software modules required for educational instruction (or
information transfer). However, the College has a library containing
130,000 books and it is expected that this will grow steadily although
most of the recent accessions have been in microform. Nevertheless,
the educational system at Clarkson College needs conventional library
resources for full effectiveness and is likely to continue this way for
many decades.

10.

Concluding Discussion
These examples lead directly to the following important conclusions:
(a)

an electronic data network is useful only to the extent that it
satisfies the need for quicker access to information than that
obtained by other means;

(b)

the demand for printed matter will exist even when 'electronic
publishing' has become firmly established;

(c)

retrospective convers~on of the contents of libraries to machine
readable form is not yet a feasible operation;

(d)

depository libraries will need to record the contents of these
databases for posterity unless some other means is adopted for
the provision of archive copies. 10

In connection with conclusion (c) it is important to note that the
typical library of (say) 10 5 volumes of average (say) 500 pages of
400 words contains 2 x 10 10 words = 2 x 1011 characters = 200 kilo
Megabytes of store. A disc store to accommodate that number of
characters on-line would cost about [20 million and occupy 0.2 hectare
floor space using currently available computer hardware. To express
this fact differently, a disc store for the contents of a book would
cost at least ten, and possibly one hundred, times the price of the book
and would require at least as much storage space. These comparisons show
the degree of enhancement in electronic data storage and retrieval which
must be achieved before the printed word becomes obsolete.
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In the near future it is hoped to connect a library-based IDln1computer
on to the Oxford computer communications network for access by the
science departmental libraries. The chosen system will have a disc
character store of 64 Megabytes. Initial trials will be conducted with
the bibliographic file of the Union list of seria1s in the science
area, Oxford, as the database. Later, this will be augmented by the
addition of detailed holdings for current periodicals including
arrival dates for recent issues. This information is economical to
store and since it is already required in the main library the
database utilization should be optimized. The extension of the
database to include other textual material will depend on the results
of trials.
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